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I .  INTRODUCTION 


A .  Background 

This  study  was  sponsored  and  funded  by  the  Department  of  Defense 
Explosives  Safety  Board  (DDESB),  Most  of  the  munition  stored  by  the  three 
services  are  in  standard  arch-type  earth-covered  magazines.  The  safe 
separation  distances  for  these  storage  magazines  are  well  established  and 
1  2 

documented  .  ’  In  some  areas  of  Europe  and  the  United  Kingdom  munition  are 
stored  in  box-type  structures  with  barricades  between  them  but  no  earth 
cover  over  the  structure.  This  is  the  scenari  of  the  brick  magazines 

3 

located  in  Machrihanish ,  Scotland.  Specific  magazines  located  at  this 
s^te  are  the  subject  of  this  investigation. 

B .  Objective 

The  primary  objectiv'  of  this  project  is  to  determine  through  scale 
model  experiments  the  blast  loading  on  the  walls  and  roof  of  an  acceptor 
magazine  in  the  event  of  an  accidental  explosion  in  a  donor  magazine  .  The 
assumption  is  that  the  net  explosive  weight  (NEW)  detonates  in  mass  and 
contributes  to  the  blast  loading.  That  is,  the  effect  of  munitions  casing 
on  blast  attenuation  is  not  accounted  for;  but  the  effect  of  the  magazine 
structure  on  blast  attenuation  is  documented  in  this  series  of  experiments. 

A  secondary  objective  added  after  the  experimental  program  was  In 
progress  was  to  study  the  effect  of  barricade  construction.  Is  a  loose 
low  density  sand  barricade  better  or  worse  than  a  highly  compacted  soil 
barricade?  The  results  will  be  discussed  in  the  Results  section  of  this 
report . 


II.  TEST  PROCEDURE 

Discussed  in  the  test  procedures  are  five  areas  of  interest.  They  are: 
the  design  of  the  scale  models,  the  test  charges,  instrumentation,  layout, 
and  matrix. 

A .  Design  of  Structure  Models 

Two  scaled  models  were  designed  for  this  test  program.  One  was 
a  steel  non-responding  acceptor  model  Instrumented  with  piezo-electric 
pressure  transducers.  The  second  model  design  was  a  scaled  concrete 
structure  used  both  as  a  donor  structure  and  a  responding  acceptor  model. 


'Frederick  H.  Weals,  "ESKIMO  1  Magazine  Separation  Test, "  NWC  TF  5420, 

April  1973. 

2 

Charles  Kir.gery,  George  Coulter,  and  George  Watson,  "Blast  Parameters  from 
Explosions  ir..  Model  Earth  Covered  Magazines ,"  BFL  MF  2SFCJ ,  September  1976 
(AD  AQ21414). 

2 

F.B.  Forzel,  J.M.  Ward,  " Explosive  Safety  Analysis  of  the  Machrihanish 
Magazine,"  KSWC  TE7 9-259,  December  1979. 


1.  Steel  Non-Responding  Model.  The  acceptor  model  (see  Figure  1)  is 
a  1/23.5  scale  version  of  a  munitions  magazine  located  at  the  Machrlhanish 
Facility  in  Scotland.  Typically,  one  of  these  magazines  may  contain  a 
variety  of  munitions.  Assuming  that  a  bare  Pentolite  charge  equivalent  to  a 
full  magazine  load  is  13,000  kilograms,  the  scaling  to  a  1  kilogram  test 
charge  would  result  in  a  1/23.5  scale. 

The  scaled  dimensions  are  30.5  cm  x  33.3  cm  x  41.1  cm.  The  model  was 
constructed  from  2.54  cm  thick  steel  plate.  All  surfaces  were  welded 
together  except  for  the  front  wall  which  was  bolted  to  the  model  to 
facilitate  emplacing  gauges,  wires,  and  connectors.  For  stability  the 
raodi?l  extends  15  cm  below  the  surface.  Therefore  the  exposed  dimensions 
are  15.5  cm  x  33.3  cm  x  41.1  cm. 

There  are  18  pressure  transducer  positions  on  the  model:  two  each  on 
the  end  walls,  six  on  the  front  side-wall  (closest  to  the  charge),  five  on 
the  roof,  and  three  on  the  back  side-wall  (farthest  from  the  charge). 

2.  Concrete  Donor /Acceptor  Model.  The  concrete  donor  (or  acceptor) 
model  is  also  a  l/23  .5  scale  version  of  a  Machrlhanish  munitions  magazine. 
This  model  is  composed  of  five  separate  concrete  slabs  and  a  cardboard 
door.  Refer  to  Figure  2,  a  photograph  showing  the  floor,  walls,  and  roof; 
the  door  closure  is  not  present . 

The  slabs  were  poured  in  small  wooden  forms.  Copper  wire  was  criss¬ 
crossed  in  the  soft  concrete  in  the  forms  to  provide  reinforcement  so  that 
the  slabs  would  not  break  while  being  handled.  "Sakrete  Sand  Mix”  was 
used;  gravel  mix  would  not  work  because  the  stones  are  larger  in  diameter 
than  the  slab  thickness .  The  roof  has  a  minimum  thickness  of  0 .64  cm  and 
the  floor  has  a  maximum  thickness  of  1.27  cm. 

To  create  a  complete  donor  model,  the  concrete  slabs  and  cardboard  door 
were  placed  together.  The  parts  stood  on  their  own;  no  binding  was  needed 
to  hold  the  model  together. 

A  responding  concrete  acceptor  was  placed  on  the  test  pad  for  Shots  4 
and  5.  The  design  is  similar  to  the  concrete  donor.  Neither  pressure 
transducers  nor  other  instrumentation  devices  was  mounted  on  the 
responding  acceptor.  It  was,  however,  photographed  at  2000  frames  per 
second  with  a  high  speed  movie  camera . 


Test  Charges 


A  convenient  test  charge  weight  for  scale  model  work  is  one  kilogram. 
The  BRL  Hot  Melt  Laboratory  cast  one  kilogram  bare  hemispherical  Pentolite 
charges  (Pentolite  has  approximately  1.17  times  the  explosive  power  of  TNT) 
which  were  used  for  the  donor  charges.  The  charges  were  detonated  from  the 
center  of  the  flat  side  which  was  placed  on  the  concrete  floor. 
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Figure  1 .  Non-Responding  Acceptor  Model 


Figure  2.  Photograph  of  Concrete  Donor  Model 


C.  Tost  Instrumentation 


The  instrumentation  for  this  test  series  consist*-'!  of  pressure  trans¬ 
ducers,  magnetic  tape  recordor/playb-ack ,  and  a  data  reduction  system .  A 
block  diagram  is  shown  in  Figure  1. 

1.  Pressure  Transducers.  Piezo-electric  pressure  transducers  were 
used  for  this  series  of  tests.  The  PCB  Electronics  Inc.  mod,.  - 1  ?.  11  'A2  ?. 
113A24,  and  li3A2fl,  with-  quartz  sensing  elements  and  built-in  source 
followers,  were  used  extensively. 

i .  rape  Recorder  system.  The  tape  recorder  consisted  of  three  hasic 
units,  the  power  supply  and  voltage  calibrator,  the  amplifiers,  and  the  FM 
response  of  SO  kHz.  Once  the  signal  was  recorded  on  the*  magnetic  tape  it 
was  played  back  and  recorded  on  a  Honeywell  Visicorder.  This  oscillograph 
has  5  kHz  frequency  response  and  the  overpressure  versus  time  recorded  at 
the  individual  stations  can  be  read  directly  from  the  playback  records  for 
preliminary  data  analysis. 

3.  'lata  Reduction  System.  For  the  final  data  output,  the  tape  signals 
were  processed  through  an  analog-to-digi tal  converter,  to  a  digital 
recorder-reproducer,  and  then  to  a  computer.  The  computer  (TEKTRONIX  4051) 
was  programmed  to  apply  the  calibration  values  and  present  the  data  in  the 
proper  units  for  analysis.  From  the  computer  the  data  is  put  on  a  digital 
tape  from  which  the  final  form  can  be  plotted  or  tabulated.  The  digital 
tape  can  also  be  stored  for  future  analysis. 

T> .  Test  Layout 

1  .  Donor  Charge  in  Structure.  Figure  4  shows  a  diagram  cf  the  test 
layout,  and  Figure  5  is  a  photograph  of  the  layout  for  Shot  4.  The  entire 
test  site,  i.e.,  the  donor,  acceptor(s),  and  berms,  are  1/23.5  scale.  Note 
that  nil  models  and  berms  were  not  used  on  every  test  and  that  the  berm 
material  was  sometimes  sand  and  sometimes  soil.  Refer  to  Table  1  in  the 
Teat  Matrix  Section  for  the  exact  test  configuration  of  each  shot. 

The  steel  acceptor  model,  which  remained  in  place  during  the  project, 
was  stabilized  in  several  ways.  The  lower  15.2  cm  of  the  walls  were  buried 
in  the  sand.  Four  steel  straps  were  placed  across  and  around  the  floor  of 
the  model,  and  these  straps  were  secured  with  eight  spikes,  each  hi  .0  cm 
long,  driven  into  the  test  pad.  Furthermore,  a  sand  bag  was  placed  inside 
the  model.  These  measures  assured  that  the  model  remained  non-responding. 

Rcrms  were  constructed  around  the  models  as  shown  in  Figure  4.  The 
center  of  the  floor  of  the  concrete  donor  was  placed  at  ground  zero.  The 
floor  has  a  small  center  hole  to  allow  for  the  detonator  and  charge  place¬ 
ment.  The  wails,  roof,  and  door  were  placed  on  the  floor  to  complete  the 
donor  const ruct ion .  ^n  two  shots  a  responding  concret  e  acceptor  model 
w'thout  instrumentation  was  also  Included  in  the  test  layout;  refer  to 
Tah'e  1  in  the  Test  Matrix  Section. 


ANALOG  TAPE 

SIGNAL  DATA  RECORDER 

TRANSDUCER  CONDITIONER  ^AMPLIFIER  REPRODUCER 


Figure  3.  Data  Acquisition/Reduction  System 


With  all  three  models  In  place  the  test  pad  configuration  is  symmetric 
about  an  axis  drawn  through  the  long  side  of  the  donor  model  and  passing 
through  ground  zero.  Refer  to  Figure  4.  Because  of  this  symmetry,  the 
blast  loading  on  the  concrete  responding  acceptor  and  non-responding  steel 
acceptor  should  be  the  same. 

High  speed  cameras  were  used  to  photograph  the  blast  event.  One  camera 
focused  on  the  entire  test  layout;  the  other  camera  focused  on  one  acceptor 
model . 

Eighteen  pressure  transducers  were  mounted  in  the  steel  acceptor.  Also, 
three  pressure  transducers  were  mounted  in  lead  bricks  to  measure  the  pres¬ 
sure  at  three  locations  on  the  test  pad.  One  (Station  19)  was  located 
100.6  cm  in  front  of  ground  zero;  another  (Station  20)  was  placed  at  the 
same  distance  in  front  of  the  steel  acceptor,  or  152.3  cm  from  ground  zero. 

The  third  gage  location  (Station  21)  was  located  228  .6  cm  from  ground  zero. 

Refer  to  Figure  4. 

2.  Donor  Charge  Unconflned.  On  Shots  2  and  5  the  concrete  donor  model 

was  not  used.  The  bare  Pentolite  charge  was  placed  on  the  donor's  concrete 

floor;  but  the  walls,  roof,  and  door  were  not  used  to  confine  the  charge. 
The  purpose  of  these  tests  was  to  determine  the  suppressive  effect  of  the 
donor  structure  on  the  blast  propagation.  A  pre-  and  post-shot  view  of  the 
model  and  barricades  are  shown  in  Figure  6. 

E .  Test  Matrix 

Five  test  shots  were  fired  during  the  period  5  August  19R3  -  16  August 
1983  at  Range  8  on  Spesutie  Island.  For  a  concise  summary  of  the  firing 
program,  refer  to  Table  1. 

On  Shots  1,  2,  and  3  the  berms  were  composed  of  coarse  sand.  Shot  1 
used  a  concrete  donor  and  steel  acceptor  model  .  Shot  2  did  not  use  a 
concrete  donor;  only  the  donor  floor  was  in  place.  Shot  3  was  a  repeat  of 
Shot  1 . 

For  Shots  4  and  5  the  berms  were  changed  to  soil  which  was  packed  down 
firmly.  Additionally,  for  these  last  two  shots,  a  concrete  acceptor  was 
placed  on  the  test  pad.  Shot  4  used  a  concrete  donor;  Shot  5  was  similar 
to  Shot  4  except  the  donor  was  not  used.  Only  the  donor  floor  was  present 
on  Shot  5  . 


III.  RESULTS 

The  results  will  be  presented  in  the  form  of  tables,  pressure  versus 
time  records,  and  discussions  of  the  blast  loads  impinging  on  the  walls  and 
roof  of  the  acceptor  structure  for  different  donor  charge  confinements  and 
barricades . 


Figure  6.  Pre-  and  Post-Shot  View  of  Models  and  Barricades 


TABLE  1.  FIRING  PROGRAM  CHRONOLOGY 


Shot 

No. 

Date 

Fired 

Concrete 

Donor 

Steel 

Acceptor 

Concrete 

Acceptor 

Berm 

Materl a  1 

1 

5  Aug  83 

Yes 

Yes 

No 

Coarse  Sand 

2 

10  Aug  83 

Floor 

Only 

Yes 

No 

Coarse  Sand 

1 1  Aug  83 

Yes 

Yes 

No 

Coarse  Sand 

U 

15  Aug  83 

Yes 

Yes 

Yes 

Hardpacked  Soil 

5 

16  Aug  83 

Floor 

Yes 

Yes 

Hardpacked  Soil 

Only 


The  blast  loading  on  the  front  side  of  the  acceptor  s;rueture  (side- 
facing  the  donor)  will  now  be  discussed.  The  result  will  be  presented  and 
compared  for  donor  charge  confined  with  loose  sand  barricades  (Shot  3), 
donor  charge  confined  with  compacted  soil  barricades  (Shot  4),  and  donor 
charge  unconfined  with  compacted  soil  barricades  (Shot  5)  .  Blast  parameter 
values  are  listed  in  Table  2.  The  authors'  conception  of  the  incident  and 
reflected  shock  loading  on  two  walls  and  the  roof  is  presented  in  Figure  7. 

The  overpressures  versus  time  recorded  at  Stations  1  and  4  for  the 
three  conditions  (Shots  3,  4,  and  3)  are  presented  in  Figure  8  .  'A  (The  peak 

reflected  pressures  at  Stations  1  and  4  show  increases  in  order  of  Shot 
number.)  The  sand  barricade  gave  pressures  lower  than  the  soil  barricade 
(-15  percent),  and  the  soil  barricade  with  charge  confined  recorded 
pressures  approximately  55  percent  lower  than  the-  unconf ined  donor  charge  . 
The  small  reflection  occurring  on  all  records  at  three  milliseconds  is  the 
reflection  from  the  ground  surface  moving  back  up  the  wall . 

The  next  two  stations  presented  for  comparison  in  Figure  9  are  Stations 
3  and  6.  These  stations  are  located  the  same  distance  down  from  the  top, 
0.076  m,  and  the  same  distance  from  the  ends,  0.138  m.  The  overpressure 
versus  time  records  are  presented  in  Figure  9  for  Stations  3  and  6  from 
Shots  3,  4,  and  5.  The  general  shape  of  the  overpressure  versus  time 
records  is  similar  for  the  two  locations.  There  Is  a  difference  in  the 
pressures  recorded  from  shot  to  shot.  Shot  3  results  are  again  lower  (-15 
percent)  than  Shot  4,  and  Shot  4  results  are  approximately  50  percent  lower 
than  Shot  5.  Note  that  the  second  reflection  occurs  sooner  (2.5  msec)  and 
is  of  greater  magnitude  than  recorded  at  Stations  1  and  4 . 

The  last  two  stations  on  the  structure  wall  facing  the  donor  are 
Stations  2  and  5.  They  are  located  0.114  metres  down  from  the  top. 

Station  2  is  0.069  meters  from  the  end,  and  Station  5  is  along  the  center 
line.  The  overpressures  versus  time  recorded  at  these  two  stations  are 
presented  in  Figure  10  for  Shots  3,  4,  and  5.  The  stations  are  near  the 
ground  surface,  and  the  reflected  shock  occurs  sooner.  The  reflected  shock 
is  almost  equal  in  magnitude  to  the  incident  shock  with  the  exception  of 
Station  5  on  Shot  3  where  the  incident  shock  is  smaller  than  the  reflected 
shock.  The  authors  have  no  explanation  for  this  anomaly. 


B.  Blast  Loading  on  the  Roof  of  the  Acceptor  Structure 


There  were  five  stations  on  the  roof  of  the  acceptor  structure.  The 
numerical  values  of  the  blast  parameters  are  listed  in  Table  3.  The  first 
two  stations  to  be  discussed  are  located  near  the  front  edge.  The  angle  of 
the  shock  front  striking  the  roof  is  quite  different  from  the  angle  of  the 
shock  front  striking  the  front  side-wall.  The  front  side  is  in  a  regular 
reflection  region  while  the  roof  is  in  a  Mach  reflection  region.  This  is 
deduced  from  the  difference  in  the  magnitude  of  the  peak  overpressure. 
Station  1  recorded  1112  kPa  on  Shot  3  while  Station  12  recorded  a  value  of 


*  Although  all  figures  are  titled  pressure  versus  time  they  also  include  the 
overpressure  impulse  versus  time. 
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TABLE  2.  BLAST  LOADING  ON  FRONT  SIDE-WALL 


Shot 

Sta  1 1  on 

Peak 

Pressure 

kPn 

I mptil  so 
k Pa -ns 

Arrival 

Time 

ms 

Purn t i on 

ns 

i 

1112 

183 

0.7.35 

0.84 

2 

1026 

229 

0.857 

0.79 

3 

821 

195 

0.850 

0.70 

4 

943 

184 

O  .807 

0.67 

5 

1139 

240 

0  .885 

0.64 

A 

B91 

1  PR 

0.840 

0  .6  3 

l 

1305 

199 

0.870 

0.82 

•> 

1049 

247 

0.895 

0.69 

t 

1093 

239 

0.890 

0.71 

4 

1  089 

220 

0.847 

0.67 

5 

1045 

232 

0.917 

0.64 

6 

993 

237 

0.872 

0.62 

ce 


DPULSE.  kPa 


TABLE  3 


BLAST  LOADING  ON  ROOF 


419  kPa .  Based  on  reflection  factor  curves  for  various  angles  of  incidence, 
it  appears  that  the  incident  peak  overpressure  is  305  kpa;  and  the  angle  of 
incidence  of  the  shock  front  striking  the  front  wall  is  27  degrees;  and  the 
angle  of  the  shock  front  striking  the  roof  is  63  degrees.  At  station  12 
shown  in  Figure  11  there  is  no  significant  difference  in  Shots  3  and  4  in 
peak  overpressure  or  overpressure  impulse.  Station  13  records  a  peak 
overpressure  approximately  9  percent  lower  on  Shot  3  than  Shot  4.  The  peak 
overpressures  recorded  at  Stations  12  and  13  on  Shot  4  are  54  percent  lower 
than  recorded  on  Shot  5  (the  unconfined  donor  charge). 

Station  14  is  in  the  center  of  the  roof.  The  peak  overpressure  shown 
in  Figure  12  is  13  percent  lower  on  Shot  3  than  Shot  4,  and  Shot  4  is  48 
percent  lower  that  Shot  5.  The  records  from  Station  14  also  record  a  lower 
peak  overpressure  than  Station  13  because  of  the  pressure  decay  associated 
with  distance  from  the  donor. 

Stations  15  and  16  are  located  on  the  rear  edge  of  the  roof  -  away  from 
the  donor.  In  Figure  13  the  peak  overpressures  versus  time  recorded  at 
Stations  15  and  16  on  Shots  3  and  4  show  no  significant  differences.  The 
peak  overpressure  falls  within  +  6  percent  of  a  mean  value  and  the  impulses 
fall  within  +13  percent  -9  percent .  The  peak  overpressures  recorded  at 
Stations  15  and  16  are  51  percent  lower  on  Shot  4  than  on  Shot  5.  This 
follows  the  same  trend  established  at  the  other  stations  on  the  roof  and 
front  face. 

C.  Blast  Loading  on  the  Back  Side-Wall  of  the  Acceptor  Structure 

Stations  7,8,  and  9  are  located  on  the  back  side  (away  from  the  donor) 
of  the  structure  model.  A  detailed  analysis  will  not  be  made  for  each 
station  and  shot,  but  some  general  observations  will  be  made.  Station  7 
is  located  at  the  top  corner  and  as  shown  in  Figure  14  receives  the  first 
shock  expanding  over  the  top  with  a  decay  associated  with  the  vortex  moving 
down  the  structure  wall.  The  pressure  increase  starting  at  0.75  msec  is 
believed  to  be  a  reflection  from  the  barricade  back  against  the  rear  wall. 
Shot  5  produces  peak  overpressures  somewhat  larger  than  Shots  3  or  4  but 
not  the  magnitude  noted  on  the  top  and  front .  Numerical  values  are  listed 
in  Table  4. 

Station  8  is  located  in  the  center  of  the  back  wall.  The  overpressures 
versus  time  for  Shots  3,  4,  and  5  are  presented  in  Figure  14.  The  first 
pressure  is  from  over  the  top  of  the  structure  while  the  second  pressure 
rise  is  from  reflections  off  the  ground  surface  and  the  barricade. 

The  second  pressure  rise  is  greater  in  Shot  4  than  recorded  on  Shot  3. 
The  record  from  Shot  5  is  the  same  general  shape  as  recorded  on  Shot  4,  but 
the  magnitude  is  much  greater.  The  Shot  4  record  is  40  percent  lower  in 
overpressure  than  Shot  5. 


4 Charles  N.  Kingery  and  George  A.  Coulter  "Reflected  Overpressure  Impulse  on 
a  Finite  Structure Tech  Report  ARBRL-TR-02537 ,  December  1983  (AD  A1 37259) 
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Figure  11-.  Pressure  versus  Time,  Stations  12  and  13  for  Shots  3,  4 


IMPULSE.  kPa  MSEC 


TEST  QUICKLOAD  AMMO 


200 


A  150 


100 


TEST:  QUICKLOAD  AMMO 


TEST.:  QUICKLOAD  AMMO 


itions  15  and  16  for  Shots  5,  4,  and  5 


5 


IMPULSE.  kPa  MSEC  IMPULSE.  kPa  MSEC  IMPULSE.  kPo  MSEC 


TEST:  QUICKLOAD  AMHO 
SHOT:  3 
STATION:  7 


280 


TABLE  4.  BLAST  LOADINC  ON  BACK  SIDE-WALL 


Peak  Arrival 

Shot  Station  Pressure  Impulse  Time  Duration 

kPa  kPa-ms  ms  ms 


3 

7 

8 

9 

60/73* 

52/139* 

130 

59 

117 

122 

1  .370 

1  .447 

1  .525 

1 .95 

1  .32 

1  .90 

4 

7 

60/9R* 

66 

1 .427 

1  .DO 

8 

55/156* 

132 

1  .487 

1  .80 

9 

112 

133 

1  .577 

1  .84 

5 

7 

80/129* 

55 

0.907 

1  .67 

8 

96/256 

157 

0.962 

1 .66 

9 

301 

140 

1 .072 

1  .37 

*Reflected  Shock 


Station  9  is  located  near  the  bottom  of  the  wall  and  is  subjected  to 
reflected  pressures  immediately  after  the  incident  shock.  Pressures  versus 
time  for  Shots  3,  4,  and  5  are  presented  in  Figure  14.  Shots  3  and  4  are 
similar  while  Shot  5  records  the  large  reflected  pressure  produced  from  a 
re-entrant  corner  effect. 


D .  Blast  Loading  on  the  Ends  of  the  Acceptor  Structure 

There  were  two  station  locations  (10  and  11)  on  the  back  end  of  the 
structure  and  two  (17  and  18)  on  the  front  (door)  end.  The  predicted  wave 
shape  for  Stations  10  and  17  would  be  an  incident  shock  followed  by  a 
reflected  wave  from  the  ground  surface  passing  back  up  the  wall .  At 
Stations  11  and  18  the  reflected  wave  from  the  ground  surface  should  arrive 
sooner  and  be  of  greater  magnitude  than  recorded  at  stations  10  and  17 . 

Because  of  the  location  of  the  barricade  near  the  back  end  of  the  structure, 
the  reflected  wave  from  the  ground  surface  would  be  predicted  larger  at 
Stations  10  and  11  than  at  Stations  17  and  18.  Numerical  values  of  the 
blast  parameters  are  listed  in  Table  5. 

Upon  examining  the  pressures  versus  time  recorded  at  Stations  10  and  11 
for  Shots  3,  4,  and  5  (Figure  15),  the  same  trend  is  seen  here  as  noted 
earlier.  That  is,  the  soil  barricade  shot  records  pressure  higher  than  the 
sand  barricades  and  the  unconfined  charge  produces  higher  pressures  than 
the  confined  charge. 

The  same  trend  is  noted  at  Stations  17  and  18  and  shown  in  Figure  16. 

The  sand  barricades  produce  lower  pressures,  and  the  reflection  from  the 
surface  occurs  sooner  and  is  greater  at  Station  18  than  at  Station  17 . 

E .  Free-Field  Pressure  versus  Time  Recordings 

Stations  19,  20,  and  21  were  mounted  flush  with  the  ground  surface  and 
located  as  shown  in  Figure  3.  These  gage  locations  were  placed  to  monitor 
the  blast  wave  propagating  to  the  front  and  side  of  the  donor  and  the  over¬ 
pressure  versus  time  in  front  of  the  acceptor.  The  pressures  versus  time 
recorded  at  Station  19  on  Shots  3,  4,  and  5  are  presented  in  Figure  17.  On 
Shots  3  and  4  the  donor  charge  was  covered  with  a  scaled  concrete  structure 
model  with  a  frangible  door.  The  blast  was  focused  forward.  Numerical 
values  for  the  three  stations  are  listed  in  Table  6.  The  difference  in 
peak  overpressure  at  Station  19  between  Shots  3  and  4  is  31  percent,  but  the 
difference  in  impulse  is  only  10  percent.  The  difference  in  peak  over¬ 
pressure  is  quite  large,  but  this  cannot  all  be  attributed  to  the  sand 
versus  clay  barricades.  The  unconfined  donor  charge  (Shot  5)  produces  34 
percent  less  peak  overpressure  and  25  percent  less  impulse  than  the  covered 
donor  on  Shot  4 . 

The  effect  of  the  focusing  to  the  front  is  quickly  lost  at  Station  20 
where  the  peak  overpressure  is  52  percent  less  and  the  impulse  is  23 

percent  less  on  Shot  4,  the  covered  donor  charge,  than  on  Shot  5,  the  uncovered 
donor  charge.  These  records  are  shown  in  Figure  18. 


TABLE  5.  BLAST  LOADING  ON  END  WALLS 


Peak 

Arrival 

Shot 

Station 

Pressure 

Impu 1 se 

Ti  me 

Durat i on 

kPa 

kPa-ms 

ms 

ms 

3 

10 

248/274 

109 

1 .067 

1 .23 

11 

827 

112 

1  .102 

1  .22 

17 

214/214 

103 

1  .082 

1  .33 

18 

200/272 

109 

1.120 

1  .23 

4 

10 

11 

17 

18 

200/358 

401 

250/300 

250/392 

99 

102 

107 

117 

1.120 

1 .165 

1 .082 

1 .120 

1 .08 

1  .02 

1 .26 

1 .23 

5 

10 

375/806 

134 

0.685 

0.77 

11 

375/1016 

160 

0.735 

0.71 

17 

390/350 

122 

0.670 

1  .00 

18 

375/527 

130 

0.717 

0.95 

/Indicates  two  peaks 
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TABLE  6.  FREE  FIELD  BLAST  PARAMETERS 


Peak 

Arrival 

Shot 

Station 

Distance  Pressure 

Impulse 

Time  Duration 

m  kPa 

kPa-ms 

ms  ms 

3 

19 

1.006 

1236 

229 

0.477 

1.55 

20 

1.523 

245 

- 

1  .347 

- 

21 

2.286 

138 

73 

3.297 

2.00 

4 

19 

20 

21 

1  .006 
1.523 
2.286 

1796 

209 

150 

256 

105 

0.380 

1.285 

3.330 

1 .11 
1.59 

5 

19 

1 .006 

1188 

172 

0.455 

1.31 

20 

1.523 

434 

136 

1.035 

2.00 

21 

2.286 

170 

101 

2.547 

2.50 
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In  Figure  19  the  pressure  versus  time  records  from  Station  21  are 
presented  for  Shots  3,  4,  and  5.  The  peak  overpressure  recorded  on  Shot  3 
is  8  percent  lower  than  Shot  4,  and  Shot  4  is  11  percent  lower  than  Shot  5. 
This  implies  that  to  the  side  of  the  donor  the  peak  overpressure  from  an 
unconfined  charge  will  be  higher  than  a  covered  one,  and  the  soil  barricades 
will  produce  higher  overpressures  than  the  sand  barricades.  This  conclusion 
would  probably  also  be  true  for  the  blast  propagating  to  the  rear  of  the 
donor  structure. 

F .  Exposure  of  Responding  Acceptor  Model 

Direct  visual  evidence  of  the  responding  concrete  model's  dynamic 
behavior  was  not  obtained  although  it  was  photographed  at  two  thousand 
frames  per  second.  The  fireball  enveloped  the  responding  model  in  the  first 
frame  after  detonation.  Subsequently,  a  debris  cloud  obscured  the  model 
for  the  duration  of  the  event. 

Figure  20  shows  the  site  after  the  event.  Notice  that  the  concrete 
slabs  have  moved  and  are  partially  buried.  For  both  Shots  4  and  5,  the 
responding  acceptor  slabs  were  cracked  but  not  broken  apart.  Each  slab 
remained  substantially  in  one  piece  although  small  chunks  were  broken  off. 
Figure  21  shows  the  condition  of  the  slabs  after  the  blast. 

The  authors  had  anticipated  the  disintegration  of  the  concrete  slabs. 

The  slabs  remained  substantially  intact.  In  scaling  the  test  site  by 
1/23.5,  the  magazine  mass  was  scaled  correctly.  The  full  scale  roof,  for 
example,  has  a  volume  of  17.26  cubic  metres  and  a  mass  of  38,662  kilograms. 

3 

Dividing  the  mass  by  23.5  results  in  2.98  kg  scaled  mass.  The  average 
mass  of  the  model  roof  was  2.82  kg  which  is  only  5 .421  less  than  the  actual 
scaled  mass . 

The  authors  did  not  specifically  scale  the  material  strength.  Sand  mix 
was  a  good  common  sense  material  to  employ  in  creating  a  miniature  model  of 
a  concrete  and  brick  structure,  but  it  must  be  remembered  that  the  real 
munitions  structure  is  more  complex  than  a  simple  concrete  slab  structure. 
Copper  wire  was  used  to  reinforce  the  model.  This  was  not  intended  to 
scale  the  steel  reinforcing  bars  in  the  actual  structure.  The  wire  was 
used  to  hold  together  very  thin  concrete  sections.  Therefore,  it  is 
possible  that  the  responding  acceptor  was  stronger  than  expected. 

As  previously  stated  the  responding  acceptor  was  not  fixed  in  place  or 
bound  together.  The  positive  phase  blast  loading  duration  on  the  closest 
surface  of  the  non-responding  acceptor  was  between  0.62  and  0.82  msec  on 
Shot  4  and  between  0.49  and  0.53  msec  on  Shot  5.  The  responding  acceptor 
should  have  experienced  the  same  loading.  It  was  thought  that  because  of 
this  short  duration  most  damage  to  the  concrete  slabs  would  occur  before  It 
began  to  move.  Perhaps  the  response  of  this  structure  would  have  been 
different  if  the  slabs  were  bound  together  and  fixed  in  place  on  the  pad. 


This  report  is  concerned  with  the  blast  loading  on  a  non-responding 
steel  acceptor  model.  The  responding  concrete  acceptor  was  included  in 
this  study  as  a  prelude  to  a  future  experiment  that  will  measure  the 
velocity  of  fragments  from  a  responding  acceptor. 

G.  Effects  of  the  Structure  in  Blast  Suppression 


The  donor  structure  confined  the  bare  pentolite  charge,  reducing  the 
blast  effects.  To  determine  the  confinement  effects.  Reference  3  was  used 
to  calculate  the  bare  TNT  equivalent  weight  of  a  confined  bare  Pentolite 
charge . 


where 


VJ  *  f  x  f  x  VJ  , 

TNT  e  c  NEW 

^TNT  *  equivalent  TNT  weight 

f  »  equivalent  weight  factor  relative 
to  TNT  based  on  peak  overpressure 

f  =*  case  correction  factor 
c 

WNEW  "  net  explosive  weight 


The  pressure  equivalent  weight  factor  for  Pentolite  was  obtained  from 
Reference  5.  For  Pentolite  fg  ■  1.17.  The  case  correction  factor  adjusts 

for  the  mass  of  the  confining  structure. 


0.20  + 


1  +  W„ 


where 


total  case  weight, 


is  the  mass  of  the  donor  magazine  walls,  roof,  and  door.  For  Shots  3  and  4 

an  average  value  of  f  is  0.32.  Therefore,  from  Equation  1,  W_,_  **  1.17  x 

C  TN 1 

0.32  x  1.0  -  0.374  kg. 

The  blast  effects  of  the  1  kg  Pentolite  charge  for  Shots  3  and  4  should 
be  equivalent  to  a  0.374  kg  bare  TNT  charge.  To  check  the  calculation  from 
Equation  1  the  reflected  pressures  recorded  on  the  center  line  of  the  roof  of 
the  structure  on  Shots  4  and  5  were  plotted  in  Figure  22.  Two  curves  of 
peak  reflected  pressure  versus  distance  were  established  using  the 
relationship 


(wp173  (w2)1/3 


for  equal  pressure 


5" Structure  to  Resist  the  Effects  of  Accidental  Explosion Dept,  of  the  Army 
Technical  Manual,  TM  5-1300,  June  1969. 
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Figure  22*  Reflected  Preeeure  on  Roof  versus  Distance  for  Shots  4  and  5 
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where  *  distance  for  selected  peak  pressure  for 

Wj  ■  1  kg  explosive 

*  distance  for  same  peak  pressure 

*  explosive  mass  uncovered  that  will  be  equivalent 
to  1  kg  covered 

Calculations  from  Equation  3  establish  equivalent  to  0.384  kg  of 

Pentolite.  This  means  that  a  0.384  kg  Pentolite  hemisphere  uncovered 
should  produce  the  same  pressure  on  the  structure  as  a  1  kg  covered.  The 
value  of  0.384  kg  determined  from  Equation  3  compares  amazingly  well  with 
the  value  of  0.374  kg  calculated  from  Equation  1  and  2.  Referring  to  Table 
3  it  can  be  seen  that  this  relationship  does  not  hold  for  impulse  measure¬ 
ments.  While  the  peak  overpressure  is  suppressed  approximately  50  percent, 
the  impulse  is  suppressed  approximately  10  percent . 


IV  DISCUSSION 


The  intention  of  this  report  is  to  present  through  the  use  of  scaled 
structural  models  certain  trends  that  can  be  expected  in  the  event  of  an 
accidental  explosion  in  a  full  size  storage  magazine.  The  blast  loading 
recorded  on  the  acceptor  model  can  be  used  to  calculate  the  break-up  of  the 
full  size  structure,  and  estimates  of  the  velocities  imparted  to  the  debris 
can  be  made.  From  the  debris  velocity  a  determination  can  be  made  on  the 
probability  of  causing  stored  munitions  to  explode. 
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US  Army  Missile  Command 
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Naval  Air  Systems  Command 
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Washington,  DC  20360 
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Naval  Sea  Systems  Command 

ATTN:  SEA-0333 
Washington,  DC  20360 

1  Commander 

Naval  Facilities  Engineering 
Command 

ATTN:  Code  045 
Washington,  D.C.  22332 
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David  W.  Taylor  Naval  Ship 
Research  &  Development 
Center 

ATTN:  Mr.  A.  Wilner, 

CODE  1747 
Mr.  W.W.  Murray, 
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Bethesda,  MD  20084 
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Naval  Surface  Weapons  Center 
ATTN:  Dr.  Leon  Schindel 
Dr.  Victor  Dawson 
Dr .  P  .  Huang 

Silver  Spring,  MD  20910 
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White  Oak  Laboratory 
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1  Officer  in  Charge 

Naval  E0D  Facility 
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Dickenson 
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1  Commander 

Naval  Weapons  Evaluation 
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ATTN:  Document  Control 
Kirtland  AFB 
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Naval  Research  Laboratory 
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Department  of  the  Navy 
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Washington,  DC  20330 

l  AFTAWC  (0A) 

Eglin  AFB,  FL  32542 
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1  Air  Force  Systems  Command 

ATTN:  I CFG 

Andrews  AFB 
Washington,  DC  20334 

l  AFRPL 
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Eglin,  AFB,  FL  32542 

1  ADTC 

Eglin,  FL  32542 
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1  Institute  of  Makers  of 
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ATTN:  Kr.  F.P.  Smith,  Jr., 
Executive  Director 
1575  Eye  St.,  N.W. ,  Suite  550 
Washington,  DC  20005 

1  Director 

Lawrence  Livermore  Laboratory 
Technical  Information  Division 
P.0.  Box  808 
Livermore,  CA  94550 

1  Director 

Los  Alamos  Scientific  Lab 
ATTN:  Dr.  J.  Taylor 
P.0.  Box  1663 
Los  Alamos,  NM  B7544 

2  Director 

Sandia  National  Laboratories 
ATTN:  Info  Dist  Div 

Dr.  W.A.  von  Riesemann 
Albuquerque,  NM  87115 
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1  Director 

National  Aeronautics  and  Space 
Administration 

Marshall  Space  Flight  Center 
Huntsville,  AL  35812 

2  Director 

National  Aeronautics  and  Space 
Admi nistration 

Aerospace  Safety  Research  and 
Data  Institute 
ATTN:  Mr.  S.  Weiss, 

Mail  Stop  6-2 
Mr.  R.  Kemp, 

Mail  Stop  6-2 
Lewis  Research  Center 
Cleveland,  OH  44135 

1  Director 

National  Aeronautics  and  Space 
Administration 
Scientific  and  Technical 
Information  Facility 
P.O.  Box  8757 
Baltimore/Washington 
International  Airport, 

MD  21240 

1  National  Academy  of  Science 

ATTN:  Mr.  D.G.  Groves 

2101  Constitution  Avenue,  NW 
Washington,  DC  20418 

1  Aeronautical  Research 

Associates  of  Princeton, 

Inc  . 

ATTN:  Dr.  C.  Donaldson 
50  Washington  Road,  PO  Box  2229 
Princeton,  NJ  08540 

1  Aerospace  Corporation 

P.O.  Box  92957 
Los  Angeles,  CA  90009 
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2  AVCO  Corporation 

Structures  and  Mechanics  Dept 
ATTN:  Dr.  William  Broding 
Dr.  J.  Gilmore 
201  Lowell  Street 
Wilmington,  MA  01887 

2  Battelle  Memorial  Institute 

ATTN:  Dr.  L.E.  Hulbert 

Mr.  J  .E  .  Backofen,  Jr. 
505  King  Avenue 
Columbus,  OH  43201 

1  Black  &  Vetach  Consulting 

Engineers 

ATTN:  Mr.  H.L.  Callahan 

1500  Meadow  Lake  Parkway 
Kansas  City,  M3  64114 

2  The  Boeing  Company 
Aerospace  Division 
ATTN:  Dr.  Peter  Grafton 

Dr.  D.  Strome 
Mail  Stop  8C-68 
P.0.  Box  3707 
Seattle,  WA  98124 
General  American 

Transportation  Corp. 

General  American  Research  Div 
ATTN :  Dr .  J .C .  Shang 
7449  N.  Natchez  Avenue 
Niles,  IL  60648 

Hercules,  Inc. 

ATTN:  Billings  Brown 
Box  93 

Magna,  UT  84044 

Kaman-AviDyne 
ATTN:  Dr.  N.P.  Hobbs 

Mr.  S.  Criscione 
Northwest  Industrial  Park 
83  Second  Avenue 
Burlington,  MA  01803 


1  J.G.  Engineering  Research 
Associates 
3831  Menlo  Drive 
Baltimore,  MD  21215 

3  Karaan-Nuclear 

ATTN:  Dr.  F.H.  Shelton 
Dr  .  D .  Sachs 
Dr.  R.  Keffe 

1500  Garden  of  the  Gods  Road 
Colorado  Springs,  CO  80907 

1  Knolls  Atomic  Power  Laboratory 

ATTN:  Dr.  R.A.  Powell 
Schenectady,  NY  12309 

1  Lovelace  Research  Institute 
ATTN:  Dr.  E.R.  Fletcher 
P.0.  Box  5890 
Albuquerque,  NM  87115 

2  Martin  Marietta  Corporation 
ATTN:  Dr.  P.F.  Jordan 

Mr.  R.  Goldman 
1450  S.  Rolling  Road 
Baltimore,  MD  21227 

1  Mason  &  Hanger-Silas  Mason 

Co . ,  Inc  . 

Pantex  Plant 

ATTN:  Director  of  Development 
P .0 .  Box  647 
Amarillo,  TX  79117 

1  McDonnell  Douglas  Astronautics 

Western  Division 
ATTN:  Dr.  Lea  Cohen 
5301  Bosla  Avenue 
Huntington  Beach,  CA  92647 

1  Monsanto  Research  Corporation 

Mound  Laboratory 
ATTN:  Frank  Neff 
Miamisburg,  OH  45342 
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1 

Physics  International 

1  Ammann  &  Whitney 

2700  Merced  Street 

ATTN:  Mr.  N.  Dobbs 

San  Leandro,  CA  94577 

Suite  1700 

Two  World  Trade  Center 

1 

R&D  Associates 

ATTN:  Mr.  John  Lewis 

New  York,  NY  10048 

P.0.  Box  9695 

1  Texas  A&M  University 

Marina  del  Rey,  CA  90291 

Department  of  Aerospace 
Engineering 

1 

Science  Applications,  Inc. 

ATTN:  Dr.  James  A.  Stricklin 

8th  Floor 

2361  Jefferson  Davis  Highway 

College  Station,  TX  77843 

Arlington,  VA  22202 

1  University  of  Alabama 

ATTN:  Dr.  T.L.  Cost 

I 

Brown  University 

P.0.  Box  2908 

Division  of  Engineering 

ATTN:  Prof.  R.  Clifton 

University,  AL  35486 

Providence,  RI  02912 

1  University  of  Delaware 

Department  of  Mechanical  and 

1 

Florida  Atlantic  University 

Aerospace  Engineering 

Dept .  of  Ocean  Engineering 

ATTN:  Prof  J.R.  Vinson 

ATTN:  Prof.  K.K.  Stevens 

Boca  Raton,  FL  33432 

Newark,  DE  19711 

Aberdeen  Proving  Ground 

I 

Georgia  Institute  of  Tech 

ATTN:  Dr.  S.  Atluri 

Dir,  USAMSAA 

225  North  Avenue,  NW 

ATTN:  DRXSY-D 

Atlanta,  GA  30332 

DRXSY-G ,  Mr.  R.  Norman 
DRXSY-MP,  H.  Cohen 

1 

IIT  Research  Institute 

Cdr,  USATECOM 

ATTN :  Mrs .  H .  Napadensky 

ATTN:  DRSTE-T0-F 

10  West  35  Street 

Cdr,  US  Army  Toxic  and 

Chicago,  IL  60616 

Hazardous  Materials  Agency 

ATTN:  DRXTH-TE 

1 

Massachusetts  Institute  of 

Technology 

Cdr,  CRDC,  AMCC0M 

Aeroelastic  and  Structures 

ATTN:  DRSMC-CLB-PA 

Research  Laboratory 

DRSMC-CLN 

ATTN:  Dr.  E.A,  Witmar 
Cambridge,  MA  02139 

DRSMC-CLJ-L 

3 

Southwest  Research  Institute 
ATTN:  Dr.  H.N.  Abramson 

Dr .  W .E .  Baker 

Dr .  U  .S  .  Lindholm 
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Please  take  a  few  minutes  to  answer  the  questions  below;  tear  out 
this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  place 
in  the  mail.  Your  comments  will  provide  us  with  information  for 
improving  future  reports. 

1.  BRL  Report  Number _ 


2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc.) _ 


4.  Has  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/ contract  dollars  saved,  operating  costs 
avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 


5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) _ 


6.  If  you  would  like  to  be  contacted  by  the  personnel  who  prepared 
this  report  to  raise  specific  questions  or  discuss  the  topic, 
please  fill  in  the  following  information. 

Name: 


Telephone  Number: 
Organization  Address: 


